INTRODUCTION
============

Bladder outlet obstruction (BOO) is a common clinical problem and can occurs in several urologic diseases, including benign prostatic hyperplasia, urethral stricture disease, and congenital anomalies of the posterior urethral valve. BOO induces prolonged bladder overdistension, which produces damage of the detrusor muscle, progressive denervation of the bladder, detrusor receptor upregulation, and decrease in bladder wall blood flow, leading to bladder dysfunction and structural alterations ([@B1]). Currently, investigation of the primary cause of BOO and long-term partial BOO-induced changes of the bladder are well established ([@B2], [@B3]). However, acute complete outlet obstruction-induced early changes in the bladder have not been well studied. Several recent reports have indicated that acute urinary retention (AUR) induced not only bladder damage, but also functional and structural impairment of the heart, liver and kidney ([@B4]-[@B6]). Therefore, it is necessary to elucidate the molecular changes and the underlying mechanisms in acute BOO.

Increasing evidence has suggested that ischemia/reperfusion (I/R) injury plays an important role in the progression of bladder dysfunction induced by BOO. Bladder overdistension causes increase in intravesical pressure and subsequent blood vessel compression, which induces relative decrease in blood flow to the bladder tissue, and results in ischaemia and hypoxia. Blood supply recovers after bladder emptying and allows reperfusion ([@B7]). A previous study has indicated that reperfusion following ischemia resulted in more severe bladder injury than ischemia itself ([@B8]). Reperfusion and re-oxygenation of ischemic bladder tissue increase generation of reactive oxygen species (ROS), which cause oxidative damage and cell apoptosis ([@B9]-[@B11]). However, apoptosis related molecular changes in the early stage of acute BOO have not been investigated.

In the present study, we investigated the time dependent changes in apoptosis related proteins in rat bladder following acute BOO. In addition, we also examined the activity of poly (ADP-ribose) polymerase (PARP), because recent studies have demonstrated that increase in ROS following I/R injury increases PARP activity and causes damage in several organs, such as brain, kidney and the heart ([@B12]-[@B14]).

MATERIALS AND METHODS
=====================

Animal preparation
------------------

Twelve-week-old male Sprague Dawley rats were randomly divided into three groups: control group (n=5), ischemia only group (I, n=5) and ischemia/reperfusion group (I/R, n=25). Acute BOO followed by bladder distension (ischemia) and drainage (reperfusion) was induced as described elsewhere (15) with slight modifications. Briefly, the rats were anesthetized by an intraperitoneal injection of 50 mg/kg zoletil (tiletamine/zolazepam combination), and a 3-0 a silk ligature was placed around the prepuce of the rat penis. To promote bladder overdistension, 12 mL/kg Ringer solution was given intraperitoneally with intramuscular administration of furosemide (12 mg/kg) in I and I/R groups. A capacity of 3±0.5 mL was reached 15 min after this application. After the bladder was kept overdistended for 60 min, it was exposed via a lower midline abdominal incision and drained by a syringe with 18 G needle, until the rat woke up from anesthesia. Five rats in the I/R group was allowed to reperfuse for 30 min, 60 min, 120 min, 3 days and 2 weeks, respectively (n=5 in each I/R subgroup). The control group was anesthetized for 60 min by zoletil without administration of Ringer solution and furosemide, and the I group was anesthetized and overdistended for 60 min without reperfusion. After this, the rats were sacrificed and the bladders were extirpated. The bladder dome was maintained overnight in 10% formaldehyde solution and embedded in paraffin for histological studies. The remaining bladder tissue was rapidly frozen in liquid nitrogen and stored at -80℃ until processing. The animal experiment was approved by the Institutional Animal Care and Use Committee (IACUC) of the Clinical Research Institute at the Seoul National University Hospital (AAALAC accredited facility) (IACUC number: 08-0259).

Detection of apoptosis
----------------------

For detection of apoptosis, the terminal deoxynucleotidyl transferase-medited dUTP-biotin nick end labeling (TUNEL) method was used. Briefly, 5 µm thick bladder tissue sections were deparaffinized and re-hydrated in graded series of xylene and ethanol. Then, the slides were pretreated with 20 µg/mL proteinase K and quenched in 3% hydrogen peroxidase in PBS at room temperature for 5 min. After the equilibration, all sections were incubated in a humidified chamber at 37℃ for 1 hr with a terminal deoxynucleotidyl transferase enzyme. The reaction stopped and then the slides were incubated with an anti-digoxignenin-peroxidase conjugate at room temperature for 30 min. After stained by 0.05% diaminobenzidine in staining buffer, the color development was monitored under the microscope. When the dark brown apoptotic bodies were detected, the slides were counterstained in 0.5% methyl green for 10 min. The slides were then washed with 100% N-butanol, and mounted. In each slide, three high-power (×400) fields were randomly selected and the apoptotic index was expressed as the percentage of apoptotic cells relative to the number of total cells in a given area (non-apoptotic nuclei plus apoptotic cells).

Western blot analysis
---------------------

After bladder tissues were homogenized in an ice-cold lysis buffer, whole cell homogenates were centrifuged at 14,000 g, 4℃ for 20 min and the supernatants were collected. After quantitation of protein concentration, equal amounts of proteins (20-50 µg) were electrophoresed on SDS-polyacrylamide gel, and transferred onto polyvinyl difluoride. The membranes were blocked with 5% nonfat dry milk in TBST for 1 hr at room temperature, and incubated overnight at 4℃ with primary antibodies (poly \[ADP-ribose\] PAR, Trevigen, Gaithersburg, MD, USA; caspase 3, Cell Signaling Technology, Beverly, MA, USA; mitochondrial manganese superoxide dismutase (MnSOD), Stressgen, Ann Arbor, MI, USA; Bcl-2 and Bax, Santa Cruz Biotechnology, Santa Cruz, CA, USA, diluted 1:1,000, respectively). Membranes were then incubated with appropriate horseradish peroxidase-linked secondary antibodies (Pierce, Rockford, IL, USA) for 2 hr at room temperature, and visualized using the ECL detection system (Pierce, Rockford, IL, USA). The results of western blots were quantified by densitometry using Bio-Rad imaging software Quantity One 4.6.2 (Bio-Rad Laboratories, Hercules, CA, USA).

Statistical analysis
--------------------

All results are expressed as means±SD. Because of the modest sample size, the nonparametric Kruskal-Wallis test was performed to analyze the total groups, and the Mann-Whitney U-test was conducted to compare between two groups. A *P* value \<0.05 was considered statistically significant.

RESULTS
=======

Detection of apoptosis
----------------------

At 30 min, 60 min, and 120 min following bladder emptying, tissue sections from the I/R group exhibited a significant increase in the number of TUNEL positive cells than the controls. However, compared to the control group, there was no statistical difference in the number of TUNEL positive cells in the I group, I/R groups at 3 days and 2 weeks after bladder emptying ([Fig. 1](#F1){ref-type="fig"}).

Western blot analysis
---------------------

Western blot analysis of the expression of MnSOD, caspase 3, Bcl-2 and Bax and amounts of PAR showed time-dependent changes. Expression of MnSOD significantly decreased in the I/R group at 30 min, 60 min, and 120 min after bladder emptying compare to the control group, and began to recover thereafter. Expression of caspase 3 significantly increased in the I/R group at 30 min, 60 min, and 120 min after bladder emptying compared to the control group, and significantly reduced to the control level at 3 days and 2 weeks after bladder emptying. When compared to the control group, the I/R group showed significant decrease in Bcl-2 expression and significant increase in the Bax expression at 30 min, 60 min, and 120 min after bladder emptying. As a result, the ratio of Bcl-2/Bax was significantly reduced. The expression of Bcl-2 and Bax, and the ratio of Bcl-2/Bax recovered to the control level at 3 days and 2 weeks after bladder emptying. On the other hand, the amounts of PAR (a marker of PARP activity) significantly increased at 30 min, 60 min, and 120 min after bladder emptying compared to the control group. Three days and 2 weeks after bladder emptying in the I/R group, there were no statistical difference in the expression of MnSOD, capase 3, Bcl-2 and Bax and the amounts of PAR between the I group and the control group ([Fig. 2](#F2){ref-type="fig"}).

DISCUSSION
==========

Apoptosis is an important element in maintaining the structural integrity and homeostasis of organisms. Although bladder apoptosis is frequently associated with AUR, the time course of the bladder apoptosis and the underlying mechanism of apoptosis have not been well established. In the present study, we found that bladder apoptosis was significantly increased in earlier time points following bladder overdistension and subsequent emptying. Another important finding was that bladder apoptosis induced by AUR after acute BOO and subsequent bladder emptying was associated with decreased MnSOD expression, increased PARP activity and imbalance between proand anti-apoptotic factors.

AUR secondary to acute BOO is a clinical and experimental syndrome characterized by bladder dysfunction and apoptotic injury of the bladder ([@B11], [@B16]). Ischemia/reperfusion injury and subsequent oxidative stress are believed to play a central role in AUR induced bladder dysfunction, in addition to several other factors such as bladder overdistension and ischemia ([@B8], [@B16]).

Oxidative stress is often defined as imbalance between free radical productions and antioxidant capability. It has been demonstrated that nitric oxide and superoxide generated during the process of I/R, which can react to form the powerful nitrating agent peroxynitrite ([@B17]). Peroxynitrite as a potent oxidizing and nitrating agent has been shown to cause numerous injurious events, such as lipid peroxidation, reduction in antioxidant defenses and inactivation of enzymes that may adversely affect their function and signal transduction processes ([@B18], [@B19]). Impaired response to oxidative stress antioxidative proteins, include MnSOD, heat shock proteins (HSPs), and IGF-1 ([@B20]). MnSOD is the major antioxidative enzyme in the mitochondria, which catalyzes superoxide.

Numerous studies have shown that MnSOD was essential for life, because homozygous MnSOD knockout mice exhibited myocardial and liver injury and endothelial dysfunction ([@B21]-[@B23]), whereas overexpression of MnSOD reduced I/R-related damage ([@B24], [@B25]). Therefore a loss of MnSOD activity during I/R appears to be related to tissue injury. On the other hand, MnSOD is a major mitochondrial antioxidant enzyme involved in the suppression of apoptosis, via regulation of the Bcl-2 family proteins such as Bcl-2 and Bax ([@B26], [@B27]). In our study, western blot analysis showed decreased MnSOD expression was parallel to bladder apoptosis. In addition, western blot analysis also showed decreased Bcl-2 expression and increased Bax and caspase-3 expression. These results indicate that downregulation of MnSOD expression and imbalance of Bcl-2 family proteins expression play a critical role in the development of bladder apoptosis following AUR and subsequent reperfusion.

Recent studies have demonstrated that increase ROS generation following I/R injury increased PARP activity and caused damage in several organs, such as brain, kidney and the heart ([@B12]-[@B14]). Therefore we examined whether activity of PARP is increased in the bladder after AUR and subsequent reperfusion. Western blot analysis showed a significant increase in activation of PARP in earlier time points after bladder overdistension and subsequent emptying. The present study indicates that activation of PARP may participate in the development of bladder apoptosis following AUR and subsequent reperfusion. However, how PARP activation induces bladder apoptosis remains unclear. Further studies are needed to elucidate the exact mechanism.

We did not investigate whether inhibition of PARP could attenuate bladder apoptosis following bladder I/R injury. This is the main limitations of our study. Since PARP inhibition counteracts several organs damage caused by I/R injury, such as brain, kidney and the heart, further studies are required to determine whether inhibition of PARP could attenuate bladder apoptosis.

In conclusion, the results of the present study provide evidence that bladder apoptosis induced by AUR after acute BOO and subsequent bladder emptying is associated with decreased MnSOD expression, increased PARP activity and imbalance between pro- and anti-apoptotic factors. These results add to our understanding of the pathophysiology and molecular mechanisms involved in bladder damage induced by I/R injury after acute BOO and subsequent bladder emptying.
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![Detection of apoptosis: Representative micrographs show TUNEL positive cells as black-brown (magnification ×400), that are indicated by using arrows. Bar graphs show quantitative image analysis. The apoptotic index represents the percent of apoptotic cells within the total number of cells in a given area. ^\*^*P*\<0.01 vs control group; ^†^*P*\<0.01 vs ischemia only group. (**A**): Control group; (**B**): Overdistension without reperfusion (ischemia only group, I); (**C**)-(**G**): Overdistension with reperfusion for 30 min, 60 min, 120 min, 3 days and 2 weeks, respectively (ischemia/reperfusion group, I/R).](jkms-25-1652-g001){#F1}

![Western blot analysis: Representative western blot shows expression of MnSOD, caspase 3, PAR, Bcl-2 and Bax. Bar graphs depict quantitative analysis for each protein expression in the bladder. The expression of each protein was normalized to β-actin. ^\*^*P*\<0.01 vs control group; ^†^*P*\<0.01 vs ischemia only group. I, overdistension without reperfusion (ischemia only group); I/R 30 min-2 weeks, overdistension with reperfusion for 30 min, 60 min, 120 min, 3 days and 2 weeks, respectively.](jkms-25-1652-g002){#F2}
